OBJECTIVE: To investigate the relationship between fasting glucose and 2 h glucose with percentage of Hawaiian ancestry and ethnic admixture. DESIGN: Cross-sectional epidemiological study of type 2 diabetes and heart disease risk factor prevalence among Native Hawaiians. SUBJECTS: A total of 578 Native Hawaiians residing in two rural communities were examined between 1993 and 1996. Sample sizes in statistical analyses varied due to missing data and selection criteria based on ethnic ancestry. MEASUREMENTS: Percentage of Hawaiian ancestry and non-Hawaiian ethnic admixture, assessed by self-report. Fasting and 2 h post glucose challenge plasma glucose levels. Anthropometric measures (height, weight, waist and hip circumferences). Selfreport of diet and physical activity. Medical history. RESULTS: Increased Hawaiian blood quantum was significantly associated with increased fasting glucose (P ¼ 0.0047), increased body mass index (BMI; P < 0.0001), waist-to-hip ratio (WHR; P ¼ 0.0103), and age (P < 0.0001), but not with leisure time physical activity and total dietary caloric intake. This association was attenuated after adjusting for BMI and WHR, but not by age-adjustment alone. However, when the effects of descent from other ethnic groups was examined in a subset of participants, full-Hawaiians had significantly higher fasting glucose concentrations (7.28 mmol=l) than part-Hawaiians after adjustments for age, gender, BMI and WHR. In contrast, part-Hawaiians of predominantly Asian ancestry had the highest 2 h glucose concentrations (7.62 mmol=l). CONCLUSION: These results suggest that ethnic admixture may be an important, but extremely complex, factor concerning the high prevalence of type 2 diabetes observed among this population. The complexity of this relationship may have obscured the relationship between ancestry and glucose tolerance in earlier observations of this population.
Introduction
Worldwide variation in the prevalence of type 2 diabetes and insulin resistance observed among diverse populations may be attributed to differences in lifestyle factors, such as diet changes 1 and a sedentary lifestyle. 2 However, genetic factors may also play an important role in explaining the high diabetes prevalence among minority and indigenous populations, 3 such as Nauruans 4 and Pima Indians. 5 A strong family aggregation has long been recognized concerning type 2 diabetes 6 and a high concordance rate of the disorder in identical twins has been observed. 7, 8 One approach used to estimate the importance of genetic factors among high-risk populations has been to assess the effect of intermarriage between ethnic groups (ethnic admixture) on glucose tolerance within these populations. For example, prevalence of type 2 diabetes was lower among Nauruans with foreign ethnic admixture compared to full-blooded Naurans. 4 A similar association of low type 2 diabetes prevalence and ethnic admixture with low risk ethnic groups (usually Caucasian) has been observed among Native Americans and Australian Aborigines. 9 -15 A previous study by the Native Hawaiian Health Research Project (NHHR) reported a high prevalence of type 2 diabetes ( > 20%) among Native Hawaiians; however, the association between glucose intolerance and percentage of Hawaiian ancestry (blood quantum) was not significant after adjustment for age. 16 Unlike many other indigenous populations where admixture is largely with a single, lower risk ethnic group (eg Caucasian), the majority of part-Hawaiians reported admixture with two or more ethnic groups (ie Filipino, Portuguese, Chinese), many of which may have high type 2 diabetes risk.
In the previous NHHR report, glucose tolerance assessment among participants without a previous history of diabetes relied on the combined results of the fasting and 2 h oral glucose tolerance test (OGTT). It did not take into account the separate effects ethnic diversity and Hawaiian blood quantum may have on fasting and post-challenge glucose levels. Therefore, the present study reported here is based on NHHR observations concerning the effects of both ethnic diversity and percentage of Hawaiian ancestry (blood quantum), separately, on fasting and 2 h post-challenge glucose concentrations.
Materials and methods

Study population
The study methods of the Native Hawaiian Health Research (NHHR) Project have been described elsewhere. 17 Briefly, the NHHR Project was conducted in partnership with existing Native Hawaiian Health Care organizations in the communities of North Kohala, on the island of Hawaii and Waimea= Kehaha, on the island of Kauai. A door-to-door census was conducted in each of these rural communities to identify all eligible persons. All non-pregnant adult residents, age ! 30 y reporting Native Hawaiian ancestry were eligible to participate. A total of 579 participants completed the full interview and clinical examination (approximately 55% of all eligible individuals). Both ethnic admixture and percentage of Hawaiian ancestry (blood quantum) were determined by self-report, which was confirmed with a brief genealogical interview. Accurate genealogies have assumed a particular importance since a resurgence of ethnic pride attributable to a 'cultural renaissance' dating to the 1970s. Documentation of eligibility for both Federal and private programs for Native Hawaiians has provided additional impetus for accurate genealogical information. Only 12 participants were excluded from analysis because of incomplete information regarding percentage of Hawaiian ancestry.
Risk factor data Biochemical variables. Blood samples were collected from all participants after an overnight fast of 12 h. Individuals not taking insulin or oral diabetic medication underwent a 2 h, 75 g oral glucose tolerance test (OGTT) and classified according to World Health Organization (WHO) criteria. 18 All plasma glucose concentrations were assayed in the NHHR Laboratory using the glucose oxidase method on a YSI autoanalyzer.
Anthropometric variables. Individuals were measured for weight, height, waist and hip circumference using standardized protocols. 19 Specifically, waist circumference was measured with the participant in a standing position with a measuring tape placed horizontally at the participant's natural waist. Hip circumference was also determined in the standing position with a measuring tape placed horizontally at the maximal protrusion of the gluteal muscles. 19 Relative body weight was estimated using the body mass index (BMI), calculated as the weight in kilograms divided by the square of the height in meters. Central adiposity was estimated using the ratio of waist to hip circumference in centimeters (WHR).
Behavioral variables. During the course of the 3 -4 h examination, participants completed a series of questionnaires related to medical history and health behaviors, including instruments to assess dietary intake and level of physical activity. Total caloric intake was estimated using a quantitative food frequency questionnaire developed and validated by the Cancer Research Center of Hawaii. 20 This instrument included a wide range of food items that are representative of Hawaii's ethnically diverse population. 21 Past week leisure physical energy expenditure (kcal=kg=week) was estimated using a modified version of the Pima Physical Activity Questionnaire. 22 
Statistical methods
Participants were ranked on an ordinal scale based on their self-report of percentage of Hawaiian ancestry ( < 25%, 25 -49%, 50 -74%, 75 -99%, and 100%). Of the 579 participants, 13 were excluded due to incomplete information (n ¼ 566). General linear modeling (GLM) was then used as a test of trend, relating increasing percentage of Hawaiian ancestry with increasing fasting and 2 h glucose. Part-Hawaiians reporting more than 50% non-Hawaiian ancestry were assigned to one of three broad categories (Caucasian, Asian, Filipino); fasting and 2 h glucose concentrations were then compared with full-Hawaiians (100% Hawaiian ancestry). Participants not reporting over 50% ancestry from any of the major ancestral groups were excluded from further analyses. Likewise, part-Hawaiians unsure of their complete ethnic ancestry were excluded from this analysis, leaving a total sample of 231 with fasting glucose levels, and 206 with post-challenge glucose levels. Least squares means were estimated for both fasting 2 h glucose concentrations with adjustments for potential confounding risk factors (eg age, gender, BMI, WHR, leisure time physical activity and total Glucose concentrations among Native Hawaiians A Grandinetti et al calorie intake). All post hoc tests for between-group comparisons employed the Tukey HSD, a conservative test in which the alpha is sized for all differences in the least squared means. All analyses were conducted using statistical software packages from SAS Institute.
Results
Increased fasting glucose concentrations were significantly associated with increased percentage of Hawaiian ancestry (P for trend ¼ 0.0047; see Table 1 ). Increased Hawaiian ancestry was also significantly associated with increased BMI (P < 0.0001), WHR (P for trend ¼ 0.0103), and age (P for trend < 0.0001). However, 2 h glucose concentrations did not increase with increased Hawaiian ancestry. Leisure time physical activity and total calorie intake appeared to increase with increasing Hawaiian ancestry, however the associations were not statistically significant.
Adjustment for age did not affect the relationship between blood quantum and fasting glucose ( Table 2) .
After adjustment for WHR, the association between blood quantum and glucose was only borderline significant, but the observed increase in glucose was unchanged. However, when adjustments were made for BMI, the observed association of blood quantum and fasting glucose concentrations was attenuated, and no longer statistically significant.
The distribution of selected risk factors for each of the predominant ethnic ancestral groupings is shown in Table 3 . Table 4 for each predominant ethnic admixture group. Fasting glucose was highest among full-Hawaiians, significantly higher than the group that reported predominantly more Caucasian 
Discussion
This study observed an association between fasting glucose concentrations and Native Hawaiian ancestry, which was mediated by relative body weight and central adiposity. This association was not explained by differences in leisure time physical activity or total dietary caloric intake. These findings contrast somewhat with the NHHR project's earlier report that age-adjusted prevalence of glucose intolerance was not significantly associated with Native Hawaiian ancestry. 16 There are several possible explanations for this apparent contradiction. In our earlier report, collapsing of continuous variables (fasting and 2 h glucose concentrations) into a single categorical variable (glucose tolerance status) may have resulted in a loss of statistical information and a subsequent loss of statistical power.
Furthermore, it has been suggested that type 2 diabetes mellitus is a heterogeneous condition. 23 Kosaka et al 23 proposed that two subtypes of type 2 diabetes exist that may vary in prevalence among various ethnic groups: (1) a nonobese subtype characterized by defective insulin secretion; and (2) an obese subtype characterized by both defective secretion and insulin resistance. Thus, among populations such as Pima Indians and Mexican-Americans that have high prevalences of overweight and obesity, insulin resistance may play a more important role than beta-cell dysfunction. 24, 25 In contrast, it has been suggested that the primary etiological factor in the development of type 2 diabetes among Japanese, 26 Japanese-Americans 27 and Koreans 28 may involve beta-cell dysfunction that may be highly inheritable. 29 It is conceivable that ethnic differences in the relative importance of insulin resistance and beta-cell function may differentially effect fasting and post-challenge glucose concentrations in various populations, thus explaining the differential pattern of fasting and post-challenge glucose concentrations observed in our study. At least one clinical study employing hyperglycemic clamps suggests that insulin secretion and insulin sensitivity have differential effects on fasting and post-challenge plasma glucose concentrations. 30 A complex relationship exists between ethnic ancestry and prevalence of type 2 diabetes. While the percentage of Hawaiian ancestry was correlated with increased concentrations of fasting glucose and BMI, the distribution of 2 h glucose concentrations differed significantly on the basis of origin of ancestry. The different pattern of fasting and postchallenge glucose concentrations may reflect differences in the relative importance of insulin resistance and beta-cell function admixture. Thus, the use of a summary measure such as glucose tolerance status determined by 2 h OGTT may have obscured the association between Hawaiian ancestry and plasma glucose levels in previous reports. 16 Thus, admixture with ethnic groups in which beta-cell defects may be prevalent and highly inheritable 29 may independently contribute to the high prevalence of type 2 diabetes observed among Native Hawaiians with multiethnic ancestry. It is uncertain whether these differences reflect genetic or culturally determined behavioral factors. Total caloric intake and leisure time energy expenditure differed slightly, although not significantly, in relation to both percentage of Hawaiian ancestry, and origin of ancestry. However, it must also be noted that while increasing percentage of Hawaiian ancestry was apparently associated with increased caloric intake, leisure time energy expenditure was also observed to increase with percentage of Hawaiian ancestry. Furthermore, while it is likely that culturally determined behavioral risk factors play an important role in the etiology of glucose intolerance in this population, it is unclear how these factors could account for the differential effect of ancestry on the distribution of fasting and post-challenge plasma glucose concentrations we observed.
The NHHR Project is currently conducting a similar but larger study that includes an ethnically diverse population of Hawaiians and non-Hawaiians. This new study includes 30 min post-challenge glucose and insulin measurements that will enable us to further elucidate the relative importance of insulin resistance and beta-cell function in various ethnic populations residing in Hawaii. 
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